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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-453

EXPERIMENTAL INVESTIGATION OF PRESSURE DISTRIBUTION
AND STATIC AERODYNAMIC CHARACTERISTICS FOR THREE
SUPERSONIC-IMPACT BALLISTIC REENTRY SHAPES
AT MACH NUMBERS OF 1.93, 2.55, AND 3.05%

By Odell A. Morris and Arvid L. Keith, Jr.
" SUMMARY

An investigation of the pressure distribution and the static aero-
dynamic characteristics of three ballistic reentry shapes designed to
impact at supersonic speeds has been conducted in the Langley 9- by 12-
inch blowdown tunnel. The tests were conducted for angles of attack
from -4° to 12° for Mach numbers of 1.93%, 2.55, and 3.05 and Reynolds

numbers of approximately 7.9 X 106, 6.8 x 106, and 5.2 x 106 vased on
body length. The models varied in nose blpntness and afterbody flare

-angle and length.

In general, the experimental pressure distributions at zero angle
of attack showed good agreement with those predicted by the modified
Newtonian theory for all models, the exception being caused by local
overexpansion around the corners of the models and effects of shock
boundary-layer interaction in the flared region of the afterbody.

Results of the force measurements indicated that all of the models
were statically stable and that the model with the 20° truncated-cone
forebody and an afterbody flare angle of 3.870 had the lowest minimum
drag coefficient at a Mach number of 2.55.

INTRODUCTION

The National Aeronautics and Space Administration and other agencies
have been conducting research on the aerodynamic characteristics and
heat-transfer ratios of various bodies of revolution with an aim to




develop nose and body shapes which will be suitable for stable atmos-
pheric reentry from ballistic type flight paths. (For example, see
refs. 1 to 5.) References 6 to 9 contribute information from subsonic
to supersonic speeds for several reentry configurations designed to have
drag coefficients low enough to impact at supersonic speeds. As a part
of this same program, the present paper presents the pressure distribu-
tion on three of the nose-cone configurations of reference §, and
extends the static aserodynamic data of reference 9 to include drag.

The investigation was conducted in the 9- by 1l2-inch blowdown tunnel at
Mach numbers of 1.93, 2.55, and 3.05 for an angle-of-attack range of -4©
to 120.

SYMBOLS

The coefficients presented in this paper are based on the wind axis
system as indicated in the following sketch:

Relative
wind

A f . nd2

, reference body cross-sectional area, I sq ft

Cp drag coefficient, -2
AP

C1, 1ift coefficient, L

Cm pitching-moment coefficient (measured at x/Z = 0.3%398 for

. M
models 1 and 3 and at x/1 = 0.422 for model 4), X
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Cp pressure coefficient, ————

%o
D drag, 1b
d reference diameter, 1.T4l in.
L 1ift, 1b
2 length of model, in.
M free-stream Mach number
My pitching moment, ft-1b
P, local static pressure, 1b/sq ft
Pg, 2 total pressure behind normal shock, 1b/sq ft
P free-stream static pressure, 1v/sq ft
d, free-stream dynamic pressure, lb/sq t
r radius of model fronﬁ‘face, in.
X distance megsured along horizontal axis from model nose, in.
v distance measured along vertical axis from model center line,

in.

o angle of attack, deg

APPARATUS AND METHODS

Models

The principal dimensions of the models and the location of the
pressure orifices are shown in figure 1. A photograph of model 1
mounted on the tunnel sting-support system is shown in figure 2. The
blunt-nose-cone cylindrical-~flared bodies, which were designed for
supersonic impact, are referred to as models 1, 3, and 4, which are the
same designations as in references T and 9. Tests on model 2 were
omitted from the present investigation. Models 1 and 3 have the same
truncated-cone nose shape but differ in the cylindrical-center-body




length and afterbody flare angle. Model 4 differs from model 3 only in
that it has a longer nose; consequently, model U4 has a reduced nose
diameter. All three models were constructed of aluminum and were sting
mounted from a movable strut within the tunnel.

Tests and Measurements

The investigation was conducted in the langley 9- by 1l2-inch blow-
down tunnel at Mach numbers of 1.93, 2.55, and 3.05. The stagnation
pressure at M = 1.9%5 was 40 1b/sq in. abs, and at Mach numbers of 2.55
and 3.05 the stagnation pressure was 50 lb/sq in. abs. The three Mach
numbers were obtained by using interchangeable nozzle blocks for fixed
Mach numbers. The Reynolds number based on body length was approximately

7.9 x‘106 at M =1.9%3, 6.8 X 106 at M = 2.55, and 5.2 X 106 at

M = 3.05. The sting-support system was atiached to & plate in the tunnel
floor which rotated to permit angle-of-attack variation. For the pressure
measurements, -bthe pressure tubes were brought out through the inside of
the sting and strut through the tunnel floor. For the force measurements,
which were conducted at Mach numbers 2.55 and 3.05, the models were sting
mounted on a six-component strain-gage balance. Tests at a Mach number of
1.93 with the use of this sting support were omitted due to interference
effects caused by shock reflections from the model nose off the tunnel
wall as can be seen in figure 3.

The angle of attack was corrected for sting and balance deflection
under load and for a tunnel downflow angle of 0.05 at a Mach number of
3.05. Drag of the models includes the base pressure drag as measured by
the balance. The sting interference effects for the ratio of the sting
diameter to base diameter for the present configuration have been shown
to have insignificant effect on base pressure drag (ref. 10). Transition
was fixed on all of the models at the 0.75 radius of the front face with
the use of No. 180 carborundum grains as determined in reference 9.

The estimated maximum errors of the data presented in this paper are
.as follows:
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PRESENTATION OF DATA

The pressure distributions are plotted in terms of the ratio of
the local pressure on the surface of the model to the normal shock total
pressure pl/pt > as a function of the nondimensional contour lengths
) J

(y/r for the blunt-nose section and X/Z for the body length) in fig-
ures 4 to 6. A comparison of the pressures for the three models plotted
in the form of pressure coefficients at zero angle of attack are pre-
sented in figure 7. Figure 8 shows a comparison of the experimental
pressure coefficients and the theoretical pressure coefficients for the
models at zero angle of attack. The force measurements, which include
the 1ift, drag, and pitching-moment coefficients for the models, are
presented in figure 9 plotted against angle of attack. The base pres-
sure coefficients of the models plotted against angle of attack are pre-
sented in figure 10. '

DISCUSSION OF RESULTS

Pressure Measurements

In general, for all of the models tested; a decrease in pressure
occurred over the blunt-nose surface when moving toward the outer edge
of the nose from the stagnation point at zero angle of attack (fig. 7).
Around the sharp corner comnecting the blunt nose and the conical sec-
tion, a rapid acceleration of the flow appears to produce a localized
overexpansion at the start of the conical section. (See the schlieren
photographs of fig. 3.) The strongest overexpansion occurs .at the lower
Mach numbers. Toward the end of the conical section, compression of the
flow occurs, and the pressure increases rapidly and approaches that pres-
sure which would exist on a sharp nose cone of the same apex angle.
Again, at the corner connecting the conical section and the cylindrical
section, a sharp drop in pressure occurs and tends to approach zero toward
the end of the cylindrical section. About the only sizable difference in
pressures between the models occurred at the Juncture of the cylindrical
section and the flared section. That is, the pressures on model 1
decreased to zero just ahead of the base; whereas models 3 and U4 produced
a pressure rise at the start of the 10° conical flared section.

Increasing angle of attack generally produced an increase in pres-
sures along the bottom surface of the models and a decrease in pressure
along the top surface as would be expected. (See Ffigs. 4t to 6.) Effects
of angle of attack on the pressures along the sides of the models were-
small. over the conical nose section. However, for models 3 and‘h, sizable
decreases in pressures occurred toward the rear of the cylindrical center




body and on the afterbody flared section. These decreases in pressure
appear to result from vortices rolling up along the sides of the model
which originated from the bottom of the model in the region of the conical
nose section as the angle of attack was increased. .

Theoretical pressures at zero angle of attack obtained by using the
modified Newtonian equation as suggested in reference 11 shows good agree-
ment with the experimental values except for the pressures at the corners
of the models (fig. 8). 1In this region the agreement is poor at all Mach
numbers which is probably caused by localized overexpansion and compres-
sion of the flow around the sharp corners and effects of shock boundary-
layer interaction in the flared region of the afterbody.

Force Measurements

The force measurements were made on the models primarily to obtain
the drag coefficients which were not measured in the tests of reference 9,
and are presented in figure ‘9, together with the 1ift and pitching-moment
coefficients. Of the three models tested, model 1 with the 5.870 fTlared
sides had the lowest minimum drag coefficient at M = 2.55 although the
blunt-nose area on model 1 was about 5.3 percent larger than the blunt-
nose area on model 4. A comparison of the minimum drag for the three
models at M = 2.55 indicates that the afterbody skirt flare has a more
powerful influence on drag than the blunt-nose size. At M = 3.05, it
appears that the minimum drag is probably influenced by nose size to a
greater extent than afterbody shape as evidenced by the nearly equal
‘minimum drags of models 1 and 4. Thus, at higher Mach numbers, model 4
would be expected to have the lowest minimum drag.

Calculations of the minimum drag coefficient for the three models
with the use of the measured pressure coefficients are listed in table I.
These values which include the model base pressures and a calculated
gkin-friction drag coefficient of 0.04 (ref. 12) show good agreement with
the experimental values. ‘

The variation of the lift coefficient for the three models with
angle of attack was linear up to an angle of attack of about 6° (fig. 9).
The pitching-moment curves are more linear at angles of attack near QO°
than were shown previously by the data of reference 9. The differences
in the pitching-moment curves were probably caused by the different
model-mounting test technique used in the tests of reference 9 which may
have produced some slight tunnel-interference effects. In any case, as
was pointed out in reference 9, the pitching-moment- data indicate that all
of the models were stable and that model % was the most stable of the
models investigated.
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CONCLUDING REMARKS

An investigation of pressure distribution and the static stability
of three ballistic reentry shapes believed to be suitable for supersonic
impact has been made at Mach numbers of 1.93, 2.55, and 3.05. In general,
the experimental pressure distributions at zero angle of attack showed
good agreement with those predicted by the modified Newtonian theory for
all models, the exception being caused by local overexpansion around the
corners of the models and effects of the shock boundary-layer interaction
in the flared region of the afterbody. Results of the force measurements
indicated that all of the models were statically stable and that the
model with the 20° truncated-cone forebody and an afterbody flare angle
of 3.87 had the lowest minimum drag coefficient at.a Mach number of 2.55.
The measured drag coefficients indicated that at a Mach number of 2.55,
the afterbody flare angle had the more powerful influence on minimum
drag; however, at a Mach number of 3.05, the area of the blunt nose had
a larger effect on drag as predicted by Newtonian theory.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., November 14, 1960.
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Figure 5.- Schlieren photographs of model 3 at M = 1.93.
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Figure 9.- Force measurements for the three models at
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